Abstract
G roups of atoms size ranging from 1-100 nm are nanoparticles. These nanoparticles have many chemical, optical and mechanical properties. Nano technology has been used widely in physical, chemical and biological processes. Nanotechnology has evolved as a growing new field and has many applications especially in the biosciences and technology by forming new products at nanoscale level. Biosynthetic methods are being used nowadays by using both biological organisms such as plant extracts, fungus and bacteria.These methods have emerged as a simple and viable alternative as compared to more difficult chemical methods for nanoparticles. Different nanoparticles like copper, zinc, titanium, magnesium, gold and silver are being used but silver nanoparticles have proved to be most effective as it has good antimicrobial efficacy against bacteria, viruses and other eukaryotic microorganisms (1) (2) (3) .
Biosynthesized nanoparticles by plants can be used in different fields like cosmetics, medicines and food industry. Silver is well known for its antimicrobial effect in medicine and industrial products (5) . Silver nanoparticles can be used for the prevention of AIDS because they interact with the HIV-1 virus (6). These are often used in ointments for curing infections against burn and open wounds. As silver nanoparticles have antimicrobial activity, so these are employed in textile, food, packaging and plastic industry. These nanoparticles are also being used in room sprays, laundry detergents, and wall paints (7) (8) .
Melia azedarach is known by many names such as white cedar, chinaberry tree, bead-tree, Cape lilac, syringa berry tree, and Persian lilac. In Punjab parts of Pakistan it is locally known as Dharek. It belongs to family Maliaceae. The height of adult tree is 7-12 meters or 20-40 ft.The leaves of Melia plant are 50 centimeters or 20 inches in length, show alternate phyllotaxy with dark green upper surface and lighter green lower surface. They are odd pinnate with serrate margins. Flowers are small and grow in clusters. They are usually purple in color and small size. They also give specific fragrance. Its fruit is drupe, green in color but yellow when mature. It is small size and grow in clusters which remain hanging in winter and at the end of season become wrinkled and white.
Melia leaves contain a compound named Meliacine which has effectiveness against Herpes Simplex type 1 virus. The leaves and fruits of these plants contain antimicrobial properties. Meliaceae family is rich in terpenoids of limonoid types. Some of the chemical compounds such as sulfur, hydrocarbon, fatty acid, di-terpenoids, sterols, phenol, flavonoid, glycosides, lactones, azadirachtin, nimbin, nimboslin, quercetin, escopolnenin,azadiyeron, azadiyeradion, -14 opeksi, azadyeridon, gedonin, nimosinulnimosinolid, nimbandion, salanol, nimbinen, -6 dastilnimbinen, margozonolid, isomargozonolid, meyanetriol, salanin (its 14 derivatives), feraksinoloz, sinamat, meliasin, A and B nimbolins and limonoid are important biochemical of this family. In higher plants, apart from enzymes, other molecules such as polyols, heterocyclic compounds and flavonoids may have a role in the synthesis of nanoparticles. Terpenoids can reduce silver ions to silver while getting transformed to the corresponding carboxylic acids (9-10). As we know that bacteria are becoming resistant to antibiotics gradually, so research is going on worldwide to get nanoparticles naturally and use them as antibiotic agents as well as for drug delivery.
In present study, potential of Melia plant to form nanoparticles to evaluate its use as a raw material for green synthesis of nanoparticles was studied.
MaterIals and Methods
Current experimental work was done in Biochemistry lab of Botany department in Lahore College for Women University, Lahore Pakistan.
Preparation of plant extract
The fresh leaves of M. azedarach were collected from premises of LCWU. For making extract, 30 g of fresh leaves were weighed on electric balance and crushed in pestle and mortar. Crushed material was placed in beaker with 200 mL of water each time. Sample was then heated in microwave for 60 seconds to form plant extract and it was filtered by using whatmann No 1 filter paper. Fine extract was obtained to develop Nano particles.
Preparation of reagent
Silver nitrate (AgNO 3 ) 0.68g was dissolved in 100 ml of water to make the stock solution of AgNO 3 and 10 ml of this solution was added in each concentration of plant extract.
Development of nanoparticles
Different volumes (5, 10, 20, 25, 30 ml) of plant extract with water separately were added in beaker along with 10ml of silver nitrate (AgNO 3 ) and left for 2 hours. Over that period of time, change in colors was observed and pictures were taken. After 2 hours 1 ml of each concentration was taken in Eppendorf to centrifuge. These samples were centrifuged at 5000 rpm for 15 minutes. Small pellets of nano particles developed which were washed thrice with distilled water and preserved to be used for further analysis.
Characterization of nanoparticles
Synthesized AgNPs were characterized by using techniques of UV-visible spectroscopy, scanning electron microscope (SEM) and Energy dispersive X-ray spectroscopy. Size of all particles was also analysed by Particle size analyzer from Nanochemistry Department, GC Universty Lahore Pakistan.
Antibacterial activity
Synthesized silver nanoparticles from different Melia extracts were tested to determine their antibacterial activity against two pathogenic bacteria species Borditella pertussis and Xanthomonas axonopodis. Antimicrobial assay included agar well diffusion method in which 2% nutrient agar media was prepared and 20 ml of it was poured in each petri plate and boring was done by standard borer. After that, bacterial strains were inoculated then in these petri dishes. For this purpose 20mg of each pallet was dissolved in 10 ml of water. Then 1 drop of different reacting volumes of the extract was tested each against these strains. After incubation of 24 hours, zones of inhibition were seen which confirmed the antimicrobial activity of nanoparticles with both bacterial strains. Moreover these inhibitory zones were measured to check the nanoparticle antimicrobial activity with plant extract.
Statistics
Data was collected in 3 replicates. Standard Deviation was calculated. Thus generated data was then examined by one way analysis of variance (ANOVA) with the help of COSTAT computer software.
results nanoparticle biosynthesis
For this purpose different volume of Melia leaves extract i.e. 5, 10, 15, 20, 25, 30 ml were taken separately and 10 ml of 4mM silver nitrate (AgNO 3 ) solution was added in each volume. Then it was allowed to react, the colors of all solutions were light greenish which turned into brownish after 2 hours and it indicated the formation of nanoparticles (Fig1-2) . There was clear change in color in different volumes.
uV-Vis spectrophotometer
UV Vis spectrophotometry was done to characterize and determine the silver nanoparticles in the Melia azedarach fresh leaves solution with silver nitrate (AgNO 3 ). Extracts of Melia leaves with acetone, ethanol, methanol and water were used. It was observed that UV l max ranged between 400nm to 500nm in all reacting solvents (Fig 3) .
energy dispersive X-ray analysis
It confirmed the presence of silver in all reacting solutions. Pure silver was present in the centrifuged material and it was confirmed by EDX. This technique is also used to check the composition as well ascrystalline nature of nanoparticles. Peaks around 3 keV seen in EDX pattern which confirmed the formation of nanoparticles (Fig 4) .
scanning electron microscope analysis
Surface morphology of silver nanoparticles was demonstrated by scanning electron microscopy. It showed different particle shapes and sizes in different solvents. The size of the particles was from Nano to micron range and morphology of particles was nearly spherical with minimum size of 105 nm. The size of the prepared nanoparticles was more than the size of nanoparticlesi.e.; between 1-100 nm. This was because the proteins were bound to the surface of the nanoparticles. As the ratio differs size also differs, this is because of the concentration variations (Fig 5) . 
agar Well diffusion method
Moreover, synthesized nanoparticles were tested for antibacterial activity (Table 1) . It was done by agar well diffusion method against Borditella pertussis and Xanthomonas axonopodis. Maximum inhibition zones were observed in water extract of Melia against Xanthomonas axonopodis. Statistical analysis also showed the value of inhibition zones (47.2±0.25 mm) and (25.4±0.36 mm) with AgNPs of Melia leaves and (12.18±0.22 mm) and (21.3±0.11 mm) with pure plant extract against X. axonopodis and B. pertussis respectively (Fig 6-7) .
Statistical analysis showed that AgNPs produced a larger inhibition zone of (47.2±0.25 mm) as compared to plant extract i.e. (12.18 ±0.22 mm) against Xanthomonas axonopodis (Fig 6) . Similarly increased antibacterial activity of AgNPs was noticed against Borditella pertussis (25.4±0.36 mm) as compared to that of plant extracts i.e. (21.3±0.11 mm) (Fig 7) . dIscussIon Metals like gold and silver are known to form nanoparticles when they interact with plant extracts. Plant extracts have a number of antioxidants which help to reduce metals into their nanoparticles. Formation of nanoparticles is studied by a variety of characterization tests from which a few are selected for present study. Nanoparticles have surface Plasmon resonance which is their absorption capacity and it is specific to the particular metal (9) . Color change is also due to excitation in surface Plasmon resonance which is the sign of silver nanoparticles formation (4) . So color change of the reaction mixture and peculiar peaks of the UV-vis spectrum give initial indication of the nanoparticles formation. Results can be correlated with the previous work in which colloidal silver solution had leaf extract of Melia azedarach which showed peak at 482 nm after 6 hours of reaction. This was a technique for the confirmation of AgNPs in the solution. Previous studies revealed that in UV region, AgNPs gave a distinctive absorbance band because of surface plasmon excitation mode which depends upon silver nanoparticle size (10) .
Earlier studies show that metallic silver shows peaks near about 3eV in the EDX analysis which is a direct proof of the silver nanoparticles formation. SEM images confirm the morphology of nanoparticles formed. These are used as authenticated sources to confirm the nanoparticles formation by different metal salts and plant extracts (11) (12) (13) .
Bacterial growth of two strains namely Borditella pertussis and Xanthomonas axonopodis, was also stopped because of silver nanoparticles. This is in accordance with the literature. First strain is a plant parasite while second one is a human pathogen causing respiratory disorder. Efficient antibacterial compounds will definitely add to the health benefits for human directly and indirectly (14) (15) .
There are different studies which show that silver nanoparticles gather into the vacuole and cell walls as granules. AgNPs stop cell division and destroy the cell envelope and contents of the bacteria. Further, silver ions can damage the nucleic acids. In this way silver nanoparticles show strong bactericidal effect which can be exploited for human cause on commercial level (16) (17) (18) .
conclusIons UV Vis spectrophotometry, EDX analysis and SEM analysis confirmed the presence of silver nanoparticles in M. azedarach leaves extract treated with AgNO 3. Antibacterial activity showed efficacy of AgNPs against pathogenic bacterial strains. These nanoparticles can be used in various fields e.g. medical, cosmetics and packaging industry.
